The anaphylactic histamine release from guinea-pig and rat lung tissues was com pletely or largely depressed by oxygen lack, respiratory inhibitors and uncouplers of oxidative phosphorylation when the incubation medium was devoid of glucose (1-7).
Chymotrypsin
is also known to cause histamine release (11) and degranulation of mast cells (11, 12) , and the latter action is also blocked by anoxia and glucose has a preven tive effect on this block.
There are a number of works demonstrating the histamine-releasing or degranulat ing effect of compound 48/80 and some other agents including anti-serum ( In the present experiments, with isolated mast cells, the glucose-dependent degra nulation by compound 48/80, a-chymotrypsin and anti-serum is demonstrated under nitrogen anaerobiosis with success, and the effects of some inhibitors including phlorizin and 2-deoxyglucose are studied.
Observations in aerobiosis are also described.
METHODS AND MATERIALS
Isolation of mast cells : Rats of both sexes weighing 150-300 g were bled by severance of carotid arteries. Five milliliters of buffered physiological solution [NaCI 154 mm , KC1 2.7 mm, CaCl2.2H2O 0.9 mm and phosphate buffer pH 7.0 (Na2HPO4.12H,O 67 mm and KH2PO4 67 mm) 10% v/v] containing 0.101o w/v bovine serum albumin (BSA) were , injected into peritoneal cavity and gentle massage of the gut through the abdo minal wall was performed for 90 seconds. The abdominal wall was then incised along the midventral line and the fluid from the abdominal cavity collected with pipette. This was carefully layered over 2 ml of an ice-cold 44% buffered solution of BSA and centrifuged at 110 x g for 20 minutes. The albumin solution was then removed through a syringe needle,' avoiding contamination with interface cells, diluted to 6 ml with the buffered solution and centrifuged at `250 x g for 5 minutes. The deposit in the bottom of the tube was washed by repeating once more the last operation, finally resuspended in the buffered solution and left standing in ice water , until used. This suspension contained mast cells more than 90%, practically all of the cells being well preserved. Experiment on isolated mast cells in aerobiosis : In general experiments, 0.9 ml of mast cell suspensions containing 50,000-100,000 cells was incubated for 15 minutes before ad dition' of 0.1 ml of degranulating agent, compound 48/80, o-chymotrypsin or anti-rat serum-the total volume of 1 ml-in open glass tubes. Incubation was continued for 15 minutes for compound 48/80 and 30 minutes for the other two agents. Immediately t after the incubation, the mast cells were fixed with 4% formaldehyde and transferred onto a cover-glass pasted on the bottom side of a round holed slide-glass. Morphological changes ' of mast' cells were observed using an invert-type phase contrast microscope (Olympus PMB, 480x) and ' the percentage of degranulated mast cells was determined. When the effects of metabolic inhibitors were studied, the mast cell suspensions were preincubated with them for 15 minutes.. In each experiment control tubes served for counting percentage of spontaneously' degranulated mast cells.
Experiment on isolated mast cells in anaerobiosis : After the trial of available techniques, the following method was found to be most suitable for the present purpose. 1.7-1.8 ml of the buffered physiological solution not containing BSA were incubated in a Carrel's flask in which a small piece of yellow phosphorus was present. Through a rubber stopper of the flask two syringe needles were thrust and through a longer needle-the other served as outlet-nitrogen gas was bubbled fore at least 15 minutes. After the needle for gassing was withdrawn above the surface of the solution, 0.1 ml of mast cell suspension (about 100,000 cells) was added via the needle. Thereafter nitrogen gas was allowed to flush through the space above the surface of the solution. Degranulating agent was then introduced via the needle to give a required concentration and a total volume of 2.0 ml. Formaldehyde fixative was introduced by the same way. This tech nique was successful in making an anaerobic system without mechanical damage to the mast cells.
, , Glucose, when tested, was present in the incubation medium from the beginning of the incubation. But, in some experiments, the mast cell suspensions were preincubated with metabolic inhibitors for 15 minutes in the absence of glucose in air phase, there after 0.1 ml of the suspension was added via the needle to the already nitrogenated incubation medium containing glucose and the inhibitors. Further procedures for in cubation and. determination of the percentage of degranulated mast cells were the same as described above.
Experiment., on mast cells in mesentery pieces : In the aerobic experiments, the technique of incubation for mesentery pieces was the asme as used for the suspension of isolated mast cells. After the incubation the mesentery pieces were fixed in a 4% lead subacetate in 50% ethanol with 1 % acetic acid for 24 hours and stained with 0.5% toluidine blue for 20-30 minutes, and then transferred through ethanol (3 changes) and xylene (2 changes) and mounted on slides. Usually three pieces of mesentery were used in each test. The procedure used for microscopic determination of percentage of degranulated mast cells was the same as that described by Norton (16) and Kawamoto (17).
In anaerobic experiments, again the same Carrel's flasks were used as for the anaerobic expriments with isolated mast cells. But, in this case the mesentery pieces were present in the flask from the beginning of incubation and nitrogen gas was bub bled through the incubation fluid for at least 15 minutes at a constant speed of 4 liters per hour. Thereafter the needle for gassing was withdrawn so that it was just above the surface of the incubation fluid. Yellow phosphorus was not used. In all these ex periments controls also ran parallel. Histamine assay: Histamine was assayed on the atropinized (atropine sulfate 1.5 x 10-' M) guinea-pig ileum, and specificity was demonstrated by mepyramine block (mepyramine maleate 1.2 x 10-' M). The histamine content of isolated mast cells or cell fragments was determined as follows: A few drops of distilled water were added to the cell precipitate separated by centrifugation, and after freezing and thawing, the broken cells were extracted with buffered solution. This was then tested directly for its histamine content. Histamine values are given as the base.
Bovine serum albumin (BSA) : Since preliminary experiment showed that a commercial BSA (Fraction V, Armour) is too acidic in a high concentration and affords a deleterious effect on the responsiveness of mast cells isolated with it, albumin was fractionated from fresh bovine serum with (NH4)2SO4 by a modification of McMeekin's method (18, 19). Bovine serum was diluted with equal volume of water in a beaker placed on a magnetic stirrer and added with (NH4)2SO4 through a cellophane bag until the concentration was 2.05 M. The precipitated globulin was removed by filtration and the filtrate containing albumin fraction was adjusted to the original volume with 2.05 M (NH4)2SO4 and the con centration of (NH4)2SO4 increased to 3.0 M by adding the required amount of (NH4)2SO4 through a cellophane membrane. The precipitate formed between 2.05 and 3.0 M (NH4)2SO4 was dissolved in water, dialyzed in running water to remove (NH4)2SO4 and lyophilized for use.. The BSA sample contained small amounts of a and i9-globulin but not r-globulin, and a 44% solution in physiological buffer showed pH 6.3 giving satis factory result for the present purpose.
Rabbit anti-rat serum : Anti-rat serum was obtained from rabbits which had received nine intravenous injections of 1 ml rat serum every other day and exsanguinated 10 days after the last injection. The serum was kept frozen until used. by compound 48/80 were already described by other workers (28) . Concerning degranula tion of isolated mast cells by anti-serum , the influence of temperature has also been studied (13), while that of pH has not. Degranulation of mesentery mast cells by a chymotrypsin was dependent on pH (12), whereas on isolated mast cells the action of cf-chymotrypsin has not been investigated in these respects.
In the present experiments on isolated mast cells, degranulating action of all of these agents was dependent on temperature and pH (Figs. 6 and 7) . The optimum temperature required for the action of these agents was approximately 37°C. The in hibitory effect of low temperature was reversible, the sensitivity to these agents being fully restored on reincubation of the cells at 37°C, whereas the arrest of the reaction at 45°C was irreversible. The temperature effect on the action of anti-serum was some what different from that on the action of ct-chymotrypsin in that the reaction caused by anti-serum was almost completely inhibited at 20°C, whereas the action of a-chymo trypsin was still more remarkable at the same temperature. An optimum pH for the action of a-chymotrypsin and anti-serum was approximately at 7.0. An optimum pH for the action of compound 48/80 was between 7.0 and 7.5. This is slightly more alka line range than that reported by other workers (28). When anti-serum was tested in the absence of Ca2+, EDTA (1 mm) was previously added to the medium in order to chelate Ca2+ con tained in the anti-serum.
Spontaneous degranula tion (below 5% in each experiment) deducted from all values. As shown in Table 1 , in an air phase 93-95% of isolated mast cells were degranulated by compound 48/80 (0.5 ,ug/ml), a-chymotrypsin (100 ,ug/ml) and anti-serum (10%), in dependently of the presence or absence of glucose (5.6 mm) in the incubation medium.
In nitrogen gas phase, when glucose was absent, this action of compound 48/80 and ca chymotrypsin was, however, completely inhibited to the same degree of spontaneous degranulation, while 84% of mast cells were degranulated by anti-serum. This inhibi tion was markedly counteracted by the presence of glucose (5.6 mm), i.e. degranulated mast cells reached 77-80% of the total. Anti-serum was previously dialyzed against distilled water for 48 hours, but glucose was unable to be reduced below one-third of the initial level. Therefore, about 0.2 mM of glucose will present in the reactant medium. by control experiments carried out in the same way under air instead of nitrogen.
As indicated in Fig. 11 phlorizin and 2-deoxyglucose had no effect on degranulat ing action of compound 48/80, a-chymotrypsin or anti-serum under aerobic condition, but markedly inhibited glucose-dependent anaerobic degranulation due to any of these agents. The inhibition was generally more remarkable when the concentration of glu cose was lower (0.7 mm) than higher (5.6 mm).
The influence of ouabain was investigated in the range of concentrations of 10-8 M to 10_' M. Although its inhibitory effect on this glucose-dependent degranulation was observed in some cases, the reproducibility of the results was minimal. Therefore, it seems premature to conclude that ouabain has an inhibitory effect on this reaction as far as isolated mast cells are concerned. pieces such as mesentery pieces that a more strict condition will be required for test ing the effect of anoxia on isolated mast cells without coexistance of tissue. In the present experiments, a small piece of yellow phosphorus was used to exclude a minute quantity of oxygen dissolved in the suspending medium. 
